INTRODUCTION
The Paleoproterozoic Itabuna-Salvador-Curaçá Block (ISCB) is a large metamorphic province composed of amphibolite-and granulite-facies rocks that were formed during continent-continent collision Sabaté, 2002, 2004) . It is located in eastern Brazil and constitutes part of the São Francisco Craton (Almeida, 1977) , one of the most important geotectonic units of South America (Cordani et al., 1992; Alkmim et al., 1993; Teixeira et al., 1996; Oliveira et al., 2010) . Detailed investigations of this terrain started with petrochemical and mineralogical studies, which were undertaken mainly with the purpose of investigating the metallogenetic potential of the area (Barbosa, 1986 (Barbosa, , 1990 Barbosa and Fonteilles, 1989; Barbosa, 1996; Iyer et al., 1995; Figueiredo, 1989; Figueiredo and Barbosa, 1993; Marinho et al., 1992; Aillon, 1992; Fornari, 1992; Ledru et al., 1994 ; Alves da Silva et al., 1996; Leite, 2002; Peucat et al., 2011; Souza-Oliveira et al., 2014) . These studies revealed the composition of the metamorphic products and the tectonic setting of their protholiths, together with their crystallization ages and the pressure and temperature conditions that prevailed during metamorphism. Pressures of 7-8 kbar and temperatures of o C (Barbosa, 1986; Barbosa and Fonteilles, 1989) were obtained, in agreement with the expected metamorphic evolution of the granulitic terranes (Bohlen, 1987) . Nevertheless, in some places temperatures of about 1000 o C are recorded in sapphirine-bearing granulites (Leite, 2002; Pinho, 2005; Leite et al., 2009 ) pointing to UltraHigh-Temperature (UHT) conditions (Harley, 1998) .
Sapphirine-bearing granulites have been reported in high-grade terranes in Antarctica (e.g., Ellis, 1980; Grew, 1980; Dallwitz, 1986; Motoyoshi and Hensen, 2001; Iwamura et al., 2013) , Canada (e.g., Morse and Talley, 1971; Arima and Grower, 1991) , the Limpopo Belt (e.g., Harris and Holland, 1984; Perchuk, 2011; Tsunogae and Van Reenen, 2011) , Madagascar (e.g., Nicollet, 1990; Gonçalves et al., 2004) , the Eastern Ghats Belt, India (e.g., Grew, 1982; Dasgupta et al., 1995; Nasipuri et al., 2009 ) and the Brasília Belt, central Brazil (Moraes et al., 2002; Baldwin et al., 2005) . The occurrence of this rock type is relevant to the reconstruction of the metamorphic history and the geotectonic evolution of these terranes, because they preserve a variety of prograde-and retrograde-related microstructures formed at extreme thermal conditions (Kienast and Ouzegane, 1987) .
In this paper, our main goal is to present microstructures and mineral compositions for sapphirine-garnet-orthopyroxenesillimanite-quartz-bearing granulites that occur in the southern part of ISCB (Leite et al., 2009) . From the mineral chemistry data, the evolution of UHT metamorphism will be discussed and the P-T-time path will be characterized in order to understand the tectonic setting in which such extreme conditions were reached (e.g. Kelsey and Hand, 2015) .
REGIONAL GEOLOGY
The study area is located in the São Francisco Craton, State of Bahia, Brazil. The craton is surrounded by Neoproterozoic fold and thrust belts formed during the Brasiliano/Pan-African orogeny at ca. 700-550 Ma (Caby et al., 1981) ( Figure 1A ). The largest basement exposures occur in Bahia ( Figure 1B ) where they comprise: (i) Archaean-Paleoproterozoic, medium to high-grade metamorphic rocks and remnants of greenstone belts and volcano-sedimentary sequences, intruded by Palaeoproterozoic granites, syenites and to a lesser extent mafic-ultramafic bodies; and (ii) Paleo-Mesoproterozoic (mainly siliciclastic sediments) and Neoproterozoic (mainly carbonate sediments) covers (Barbosa and Dominguez, 1996; Barbosa et al., 2012) . The main litho-geotectonic units recognized within this basement are described below ( Figure 1B) .
The Gavião Block is composed of orthogneisses and migmatites, with amphibolite bodies dating ca. 2.7-3.2 Ga (Mougeot, 1996; Peucat et al., 2002) . The block includes an older core of a 3.4 to 3.2 Ga trondhjemite-tonalitegranodiorite (TTG) suite (Martin et al., 1991; Santos Pinto, 1996) . Within the Gavião Block, 3.2 to 2.9 Ga greenstone belts also occur (Marinho, 1991; Cunha et al., 1996; Bastos Leal, 1998; Peucat et al., 2002; Barbosa et al., 2012; Cunha et al., 2012; Menezes Leal et al., 2015) . They were equilibrated at the greenschist facies and comprise komatiites with spinifex texture passing upwards to mafic and felsic volcanic rocks with intercalations of pyroclastic rocks and siliciclastic sediments (Marinho, 1991; Cunha and Fróes, 1994; Mascarenhas and Silva, 1994) .
The 3.2 to 2.9 Ga Serrinha Block is composed of banded gneisses, amphibolites and mainly a granodiorite gneiss, mostly metamorphosed to the amphibolite facies (Silva, 1996; Rios, 2002) . 2.2-2.1 Ga Paleoproterozoic greenstone belts also compose this block (Silva, 1992 (Silva, , 1996 .
de multiequilíbrios (THERMOCALC, por exemplo) indicaram P = 7-11 kbar e T ≥ 900°C para os granulitos com safirina. Um dos mecanismos associados à elevada temperatura está relacionado à adição de material radioativo com a presença de magmas basálticos durante a formação do BISC. A cristalização fracionada desses magmas produziu intrusões tonalíticas que datam de aproximadamente de 2,15 a 2,13 Ga, próximo do pico do metamorfismo de 2,07 a 2,08 Ga.
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Granulito com safirina; Geotermobarometria; Palaeoproterozoico; Bloco Itabuna-Salvador-Curaçá. (Almeida et al., 1976; Almeida, 1977) after Schobbenhaus et al. (1984) ; (B) Geotectonic domains in Bahia (simplified from Barbosa and Dominguez, 1996) with location of the study area.
The Jequié Block (Cordani, 1973; Barbosa, 1986 Barbosa, , 1990 Sabaté, 2002, 2004 ) is mainly formed of 2.7-2.6 Ga enderbitic and charnockitic granulites , and migmatitic and heterogeneous granulites (charnockites with intercalations of mafic and felsic granulitic bands) with ages of 3.2 Ga (Marinho et al., 1992) . In the heterogeneous granulites, granulitized supracrustal rocks, including mafic and felsic metavolcanic rocks, quartzites, iron formations and aluminous-magnesian granulites, are present and are occasionally crosscut by anatectic garnet-and cordierite-bearing granites Sabaté, 2002, 2004; Pinho, 2005; Leite, 2002; Leite et al., 2009) .
The segment of the Itabuna-Salvador-Curaçá Block (ISCB) is mainly composed of tonalitic and charnockitic orthogneisses with mafic-ultramafic enclaves and less abundant supracrustal rocks equilibrated to the granulite facies (Barbosa, 1986 (Barbosa, , 1990 Barbosa and Sabaté, 2002; Leite, 2002) . The protoliths of the ISCB segment are volcanic and/or plutonic rocks of shoshonitic, low K-calc-alkaline and tholeiitic affinities with ages from 2.6 to 2.4 Ga (Ledru et al., 1994) . The tectonic setting and geochemical characteristics of these rocks resemble those of recent volcanic arcs, such as Japan (Barbosa, 1990) , or the active Chilean continental margin (Figueiredo, 1989) .
The Gavião, Serrinha and Jequié blocks collided to form ISCB Sabaté, 2002, 2004) . These were deformed by at least three phases of ductile deformation. The first phase (F1) is characterized by large tight folds with sub-horizontal axial planes that verge westwards (Figure 2) . The second phase (F2) produced open folds coaxial to the first ones in the Jequié Block, and tight folds in the Itabuna segment with a pronounced vertical axial plane foliation (Figure 2 ). The third deformation phase (F3), well developed in the ISCB segment, is represented by NE-SW trending vertical sinistral transpressional shear zones and sub-vertical foliation ( Figure 2 ). All these deformation phases are coeval with granulite facies metamorphism dated at 2.07-2.08 Ga (Ledru et al., 1994; Pinho, 2005; Silva et al., 2002) .
The P-T conditions of the high-grade metamorphism in the ISCB segment were studied by Barbosa (1986) and Barbosa and Fonteilles (1991) . Based on garnet-bearing basic granulites from scarce outcrops, these authors obtained pressure estimates close to 7 kbar and temperatures in the range of 850 and 870 °C. The sapphirine-bearing granulites dispersed in this segment were previously mentioned by Silva (1991) and Seixas (1993) .
GEOLOGICAL SETTING
The sapphirine-bearing granulite of this study occurs within a band of supracrustal rocks, tectonically imbricated in tonalite orthogneisses of the ISCB segment (Figure 2) . The high-grade supracrustal rocks are exposed as lenses along a subvertical to vertical shear zone related to F3 (Figure 2) . A stretching lineation, defined by orthopyroxene orientation, plunges 5-15° to the northeast. Rootless folds are interpreted as preserved structures from F1 and F2 (Figure 2) . Northwest of the study area, interference patterns that were formed during the first two deformation phases in the tonalitic orthogneiss (Figure 2) are correlated with the beginning of the collision Sabaté, 2002, 2004) .
The granulitic supracrustal rock of the ISCB segment contains the following interbanded rock types ( The quartz-feldspathic and mafic granulites are predominant. The quartz-feldspathic layers are in general of medium grain size (5 mm-1.5 cm) and composed of quartz, mesoperthite, plagioclase and rare orthopyroxene. Ilmenite is the most common accessory phase, while green hornblende and biotite, always in coronas around orthopyroxene, are secondary. The mafic granulite is a fine-to medium-grained rock (1-5 mm) composed of plagioclase, orthopyroxene and clinopyroxene. The mafic granulites are probably metamorphosed tholeiitic volcanics (Barbosa, 1986 (Barbosa, , 1990 . The iron formations are composed of ilmenite/magnetite and quartz; manganiferous layers are always superficially weathered and composed of pyrolusite and psilomelane. Small quantities of plagioclase, mesoperthite, clinopyroxene and opaque minerals are present in the quartzites. Calcite, plagioclase and clinopyroxene are the main constituents of calc-silicate rocks and marbles. Pyroxenes, hornblende, opaque minerals and minor plagioclase are present in the pyroxenites, which are sometimes intercalated with the supracrustal rocks.
The sapphirine-bearing granulite lenses (200m-20 km long and 15-50 m wide) are rare and occur in contact with the quartz-feldspathic and mafic granulitic rocks. They are mainly composed of sapphirine, quartz, orthopyroxene, sillimanite, garnet, mesoperthite, plagioclase, biotite and cordierite. In some of the outcrops, parallel undeformed leucosome veins are observed in rocks. They also can be observed when cross-cutting it in layers. The leucosomes contain mesoperthite, plagioclase, quartz, garnet, biotite and rarely orthopyroxene, cordierite and opaque minerals. It is believed that they have been formed in the metamorphic peak, after the ductile deformation phases (F1, F2, F3) (Barbosa, 1986 (Barbosa, , 1990 Seixas, 1993) .
The tonalitic orthogneiss layers vary in thickness (1 cm-5 m), the lighter layers being composed of quartz and plagioclase, while the darker greenish-grey layers also contain orthopyroxene and opaque minerals. Garnet is dispersed throughout the rock. The rock is medium-grained (5 mm-1 cm) with blastomylonitic texture. Strong deformation and recrystallization under granulite facies conditions make the distinction between volcanic and plutonic protholiths difficult. However, some outcrops show deformed feldspar porphyroclasts within a fine-grained recrystallized matrix, suggesting that the intrusive rocks were reequilibrated under granulite facies with metamorphic conditions (Barbosa, 1986 (Barbosa, , 1990 . Rock-forming minerals are quartz and plagioclase. Garnet and orthopyroxene are scarce. The composition of the plagioclase (oligoclase) and whole rock geochemistry suggest that these rocks comprise metamorphosed (low-K calc-alkaline) tonalites (Barbosa, 1986) .
In only a few outcrops the contact between the high-grade supracrustal rocks and the tonalite orthogneiss is exposed. It is as sharp as the other tectonic contacts observed between quartz-feldspathic layers, mafic granulite, iron-manganese formations, quartzites, calc-silicate rocks, marble and pyroxenite. These units are separated by sinistral shear zones formed during F3 ( Figure 2 ).
PETROGRAPHY AND MINERAL REACTIONS
We studied the most representative outcrops of the sapphirine-bearing granulite (MM-208-B and SS-77 samples) ( Figure 2 ). Their petrography, microstructures and mineralogical assemblages are described below.
The near-peak metamorphic assemblage is made of garnet (Grt 1 ), orthopyroxene (Opx 1 ), sillimanite (Sil 1 ), biotite (Bt 1 ), quartz or sapphirine (Spr 1 ), plagioclase (Pl 1 ) and mesoperthite (Mp 1 ). The main mineral phases are in contact with each other. Contacts between quartz and sapphirine have not been observed.
Among the metamorphic peak minerals, garnet (Grt 1 ) is usually present as 0.3-1.5 cm anhedral, rarely euhedral porphyroblasts, and commonly includes quartz and biotite. Orthopyroxene (Opx 1 ) occurs as 0.2-1.0 cm porphyroblasts with biotite, quartz and opaque inclusions. The Opx 1 grains are sometimes stretched, defining a mineral lineation. Sillimanite (Sil 1 ) appears as elongated prismatic crystals in the matrix, which are oriented parallel to the foliation. In some cases, sillimanite forms inclusions within orthopyroxene and mesoperthite. Biotite (Bt 1 ) is present as inclusions in garnet and orthopyroxene, or as large crystals in the matrix. Sometimes (especially in leucosome veins samples) it has polygonal contacts ( Figure 3A) . Sapphirine (Spr 1 ) is rare and occurs as small (0.1-0.5 mm) inclusions in contact with rutile (Rt), orthopyroxene (Opx 1 ) ( Figure 3B ) and garnet (Grt 1 ). Minor mesoperthite and plagioclase (Pl) are present in the matrix. Quartz occurs within garnet and in the matrix, where it forms platy crystals paralell to the foliation.
The most common accessory phase is dark-brown euhedral rutile, which is also presented as inclusions within quartz and orthopyroxene porphyroblasts ( Figure 3B) . Ilmenite, magnetite, monazite, zircon and graphite occur in the matrix or as small inclusions within the main mineral phases.
Symplectitic and moat microstructure
Symplectites developed between porphyroblasts provide evidence for the retrograde reactions, which occurred in the sapphirine-bearing granulite. Coarse symplectitic intergrowths composed of orthopyroxene (Opx 2 ) and sillimanite (Sil 2 ) separate garnet and quartz ( Figure 3C ). These symplectites could have been formed according to the divariant FMAS reaction (e.g., Kriegsman, 1996) :
A second generation of sapphirine (Spr 2 ) is observed in symplectitic intergrowth with orthopyroxene (Opx 2 ) and sometimes with sillimanite (Sil 2 ), resorbing large garnet crystals (Grt 1 ) ( Figure 3D ). This type of symplectite is found only at the rims of orthopyroxene porphyroblasts in contact with garnet. This microstructure suggests the following (dis) continuous FMAS reaction:
Cordierite (Crd) moats, sometimes altered to pinnite, occur around orthopyroxene. Some of these moats have sillimanite and quartz inclusions. We infer that cordierite was formed by the univariant FMAS reaction:
Symplectites of cordierite with blebby orthopyroxene (Opx 3 ) replace garnet in the presence of quartz ( Figure 3E ). This microstructure could have been produced by the divariant FMAS reaction:
A second generation of biotite (Bt 2 ) forms intergrowths with quartz ( Figure 3F ), close to orthopyroxene when in contact with mesoperthite, according to the continuous KFMASH reaction:
MINERAL CHEMISTRY

Analytical procedure
Mineral compositions were obtained using the Camebax SX-50 electron microprobe at Paris VI University. Operating conditions were 15 kV accelerating voltage and 10 nA sample .
Garnet
Garnet in the sapphirine-bearing granulite samples (MM-208B and SS-077) is essentially a solid solution between almandine (44-54 mol%) and pyrope (48-54 mol%) while spessartine, grossular and andradite components sum up to 1.5 mol% ( Table 1) . Garnet composition does not vary significantly between samples or with grain size and chemical zonation is subtle (Figures 4 and 5) . Grains involved in reactions (1), (2) and (4) have compositions similar to cores of grains not involved in these reactions ( Figure 5 ).
Orthopyroxene
Three different generations of orthopyroxene are present in the sapphirine-bearing granulite: (i) porphyroblasts (Opx 1 ) yielding Al 2 O 3 contents between 10.40 and 10.69 wt.% (Table 2) , which are usually unzoned, despite two analysed grains showing Al enrichment from core to rim ( Figure 6) 
Biotite
Biotite occurs in two forms: (i) Bt 1 formed at metamorphic peak conditions has polygonal contacts with Opx 1 (Figure 3A) , and is mostly found in leucosome veins; and (ii) Bt 2 in symplectites with quartz around orthopyroxene grains, which are in contact with mesoperthite ( Figure 3F ). The compositions of (Bt 1 ) do not vary much, even from one sample to another (e.g. MM-208-B and SS-77), and are close to the phlogopite end member, with X Mg from 0.78 to 0.86 (Table 3 ). Higher X Mg (0.86) corresponds to lower TiO 2 contents (4.98 wt %), repeating the observations on biotite from other sapphirine-bearing granulites (e.g. Ouzegane and Boumaza, 1996; Guidotti, 1984; Henry and Guidotti, 2002 . Differences in contents for other oxides are minor, Na 2 O and K 2 O contents in both types being insignificant, and therefore not shown (Table 4) .
Cordierite
Cordierite in sapphirine-bearing granulite samples MM-208-B and SS-77 is unzoned and displays the highest X Mg of all ferromagnesian phases and shows X Mg in the range of 0.70-0.88 (Table 5) . Oxide totals are usually around 98%, suggesting the presence of minor amounts of H 2 O or CO 2 as channel-filling molecular species in its structure (Carrington and Harley, 1996) . The mineral is a product of reactions (3) and (4), and its formation is attributed to decompression, which occurred after the metamorphic peak conditions.
Sillimanite
The compositions of sillimanite Sil 1 in long prismatic crystals and Sil 2 in symplectites with Opx 2 are very similar. A representative composition of Sil 1 is given in Table 5 . The high Fe content is a characteristic of sillimanite in UHT terrains, such as the Eastern Ghats Belt (Sengupta et al., 1990 ). 
Feldspar
Plagioclase is essentially oligoclase (An 11-18 Ab 81-88 ) with Na 2 O contents between 9.29-9.53 wt.% in sample MM-208-B and 10.10-10.21 wt.% in sample SS-77 (Table 6 ).
K-feldspar in mesoperthite is orthoclase (Ab 8-15
Or 85-92 ) in sample SS-77 (Table 6) .
THERMOBAROMETRY, MICROSTRUCTURES RELATIONS AND P-T PATH
The sapphirine-bearing granulite paragenesis, Grt 1 + Opx 1 + Sil 1 + Bt 1 + Spr 1 , is indicative of ultrahigh-temperature (UHT) metamorphism (T> 900 °C and P = 7-11 kbar; Harley, 1998) . The high Al content in orthopyroxene (Opx 1 ), with Al 2 O 3 > 10 wt.%, fits this inference. According to Hensen (1986) and Bertrand et al. (1991) , the assemblage Opx-Sil-Grt-Qtz should indicate pressures higher than 11 kbar. In order to constrain the temperature-pressure metamorphic conditions in the sapphirine-bearing granulite and the tonalitic orthogneiss, using the compositions of the cores of the grains, the thermobarometry programs by Kohn and Spear (1999) , Reche and Martinez (1996) , Berman (1991) and Holland and Powell (1998) were used ( Table 7) . The first two are EXCEL spreadsheets for thermobarometric calculations applied to metapelites and based on calibrations by different authors. The last two (Berman, 1991; Holland and Powell, 1998) are based on multi-reaction calculations using consistent thermodynamic data.
The THERMOCALC software (Holland and Powell, 1998) made the calculation of all possible equilibria for the assemblage Pl-Opx-Sil-Grt-Bt-Kfs-Rt-Ilm-Qtz of the sapphirine-bearing granulite samples possible.
Sapphirine-bearing granulite Table 7 . Geothermobarometric data from study rocks.
SAMPLES SOFTWARES/ METHODS
Kohn and Spear (1999) Reche and Martinez (1996) TWEEQU Berman (1991) Grt-Bt The estimated pressure and temperature data calculated with THERMOCALC (8.4-11.1 kbar and 900-1000 °C, Table 7 ) retrieve the metamorphic peak at ultrahigh-temperature conditions. For the temperature interval of 900-1000 °C, the different calibrations of the geobarometer Opx-Grt-Pl-Qz (Bhattacharya et al., 1991) lead to pressure that are compatible with those obtained by THERMOCALC. The geobarometer Pl-Grt-Sil-Qtz (Kohn and Spear, 1999; Reche and Martinez, 1996) gave widely different results (6-12 kbar) ( Table 7) . Common geothermometers, based on Fe-Mg exchange reactions, such as Grt-Opx (Sen and Bhattacharya, 1984; Harley, 1984; Lee and Ganguly, 1988; Kohn and Spear, 1999; Reche and Martinez, 1996; Berman, 1991) and Grt-Bt (Thompson, 1976; Holdaway and Lee, 1977; Perchuk and Lavrent'eva, 1983; Reche and Martinez, 1996; Berman, 1991) , yield lower temperature ranges, 710-810 °C for the first pair and 500-720 °C for the second. Such values are incompatible with ultrahigh-temperature conditions, as revealed by the primary paragenesis, and might reflect continuous Fe-Mg exchange between mineral pairs during retrograde metamorphism. The same Fe-Mg re-equilibrium is expected for the pair Bt-Opx (Sengupta et al., 1990) , but this geothermometer indicates very high temperatures. Except for those obtained with THERMOCALC (Holland and Powell, 1998) , we interpret these results as misleading because X Mg ratios for the two minerals chosen for calculations are very close (Tables 2 and 3) , probably increasing the error.
In the sapphirine-bearing granulite, the near-peak paragenesis is garnet-orthopyroxene-sillimanite-quartz or sapphirine-orthopyroxene±mesoperthite-plagioclase-rutileilmenite-magnetite. There is no petrographic evidence for the presence of the association Spr + Qtz. The reactions Grt 1 +Opx 1 = Opx 2 + Spr 2 (± Sil) (reaction 2), Opx 1 + Sil 1 + Qtz = Crd (reaction 3) and Grt 1 + Qtz = Opx 3 + Crd (reaction 4) that formed symplectitic coronas around the garnet and orthopyroxene porphyroblasts represent a retrograde evolution. Reactions (3) and (4) define low slope curves and represent decompression paths. Nevertheless, it is more probable that they were related to a temperature drop since the Al content of Opx 3 is always lower than that for Opx 1 . On the other hand, the symplectites of Bt 2 + Qz formed by reaction Opx 1-2 + Mp + H 2 O = Bt 2 + Qtz (reaction 5) are also retrograde, related to temperature decrease even in the presence of water (Figure 8 ).
Figure 8. P-T diagram with the P-T path inferred from the sapphirine-bearing granulite: spinel absent invariant point and univariant reactions in the FMAS system involving garnet, orthopyroxene, sapphirine, cordierite, spinel, sillimanite and quartz. The field of the assemblages grt-spr-qtz and opx-grt-sill-qtz is also shown. The divariant reaction (6) limits the high-pressure domain (HPGF), intermediate pressure (IPGF) and low-pressure granulite (LPGF) facies respectively (Green and Ringwood, 1972) . The granite-melt curve in the KFMASH system is after Vielzeuf and Holloway (1988) . The alumino-silicate triple point is after Holdaway and Mukhopadhyay (1995) . Reaction (1) is after Sengupta et al. (1990) ; reaction (2) after Harley and Hensen (1990) ; reaction (3) after Harris and Holland (1984) ; reaction (4) after Waters (1991) ; reaction (5) after Harley (1989) ; reaction (6) after Green and Ringwood (1972) . The circles and squares symbols shown in the reactions were extracted from the authors already mentioned in the legend. The reactions are described in detail in the text. Abbreviations follow Kretz (1983) and Whitney and Evans (2010) .
DISCUSSION AND CONCLUSIONS
Sapphirine-bearing granulite of the ISCB segment records UHT metamorphic conditions. The metamorphic peak reached conditions of 900-1000 °C at 8.4-11.1 kbar. The Al 2 O 3 contents (>10 wt.%) and TiO 2 (>5 wt.%) in the orthopyroxene and biotite porphyroblast cores attest to the UHT peak conditions (Leite et al., 2009) . Sapphirine-bearing granulites are found as small relics in high-grade metamorphic belts. They are important since their mineral parageneses record anomalously high temperatures compared to their host granulites.
In the geodynamic context, the origin of granulite terranes has been related to collision tectonics (Raith et al., 1997) , although authors such as England and Thompson (1986) believe that crustal thickening alone is incapable of generating the temperatures necessary for granulite facies metamorphism. The P-T path derived in this study (Figure 8 ) is compatible with a retrograde portion of a clockwise P-T path that occurred accompanying crustal thickening during an orogenic cycle (e.g. Bohlen, 1987; Harley, 1989) . The thrusting of the Itabuna Belt over the Jequié Block Sabaté, 2002, 2004) was part of a collisional event, and the associated metamorphism that took place in the region close to 2081 ± 20 Ma (Silva et al., 2002; Pinho, 2005; Leite et al., 2009 ) reached UHT conditions, leading to the crystallization of the sapphirine-bearing granulite.
What was the heat source that raised the temperature high enough to cause partial melting of these rocks? The addition of radioactive material (Harley, 1989) might have caused heating during the overthrusting mentioned above, but intuitively it is thought that this would have been insufficient to cause such a large temperature rise. Underplating or intrusion of mantle-derived basaltic magmas (Ellis, 1980; Bohlen, 1991) could have been the heat source, and the differentiation of these magmas could have produced the tonalite protoliths for the regional orthogneisses (Pinho, 2005) .
The ages of the protoliths are around 2.15-2.13 Ga, obtained by U-Pb SHRIMP, Pb-Pb evaporation on zircon, and Pb-Pb whole rock isochrons (Corrêa-Gomes, 2000; Corrêa-Gomes and Oliveira, 2002; Silva et al., 2002; Pinho, 2005) , while the age of the metamorphism is close to 2.0 Ga (Barbosa and Sabaté, 2004) , determined by the U-Th-Pb microprobe method on monazite (Montel et al., 1994 (Montel et al., , 1996 , or around 2.07-2.08 Ga, found for overgrowths on plutonic zircon by the U-Pb SHRIMP method (Silva et al., 2002; Pinho, 2005) .
Hence, accretion of radioactive material together with the presence of basaltic magma in the ISBC roots could have produced the high temperatures necessary for the formation of the sapphirine-bearing granulites, and also the partial melting that generated the associated leucosome veins. The protoliths of the sapphirine-bearing granulites could have been metapelites (Ouzegane and Boumaza, 1996; Moraes et al., 2002) , which, subjected to extreme temperatures, would have partially melted, leaving the sapphirine-bearing granulite as the refractory residue. A significant quantity of melt must have drained away, although sufficient remained behind in the form of leucosome veins, which must have formed at the metamorphic peak after the ductile deformation (F1, F2, F3) (Barbosa, 1986 (Barbosa, , 1990 Seixas, 1993) . Polygonal biotite (Bt 1 ) may have crystallized from melt involved in the reactions. Biotite (Bt 2 ) with lower Ti content in symplectites with quartz was formed during retrograde metamorphism during regional cooling.
The common granulite host rocks, including the tonalitic orthogneiss, may also have experienced UHT metamorphism conditions, but any record of this was probably obliterated during the extensive retrograde event that affected the area, similarly to the Brasília Fold Belt evolution (Moraes et al., 2002) . The retrograde path can be defined using the reactions that were probably responsible for the destruction of UHT minerals, and shown in Figure 8 .
